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Baleo Researeh Laboratories AF 33(800)-22861
Inferim teuert No. 5 H-1F I"illers

NOTICES

When Government drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related Govern-
ment procurcement operstion, the United States Government thereby incurs
no respongibility aor any obligation whatsoever; and the fact that the
Govermment may have formulated, furniehsd, or in any way supplied the
said drawings, specifications, or other data, is nul 1o be regarded by {m-
plication or otherwise a8 in any manprer leenging the holdsr or any other
person cr vorporation, or conveying any rights or permission to manu-
faclure, us¢, or scll any patented invention thai may in any way be re-
inted theveto.

The information furnished herewith is made available for study
upon the understsnding that the Goverarmentis proprieiary interests in and
relating thereto shall not be impaired. Tt ig desired that the Office of the
Judge Advocate, Wright Alr Developmemt Center, Wright-Patterson Air
Force Base, Ohio. be promptly notified of any apparent conflict between
the Government's proprietary interests and those of cthers,

The U. 5. Government ig absclved from auy litigation which may
ensue from the Contractor's infringing on the foreign patent righte which

may be mvolved,
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Baleo Hesearch abovalorics A 2H600)-22361
fmierim Renort No.o © K- Filters

FOREWORD

This i the sixth interim report submitiec under Contract No. AF
I3(600)-22861, Expenditure Order No. valZ-lQ_SH’BBZ. Miniaturized .
High-Efficiency R-F Filtery. | |

The program is being directed by Mr. C. B, Winston of Wright Air
Development Center, Directorate of l.aboratories, Components and
Systems Laboratory., The work cevered by this report was performed
ander the direct supervision of Mr. Necdet Ergul, Project Engineer
at Balco Research Laboratorivs and Dr. Seymour Edelburg, Head of

e Blectrontes Divislon,
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Balen Research Laboratories : - AT 35{600)-228501
interiva Report No, 6 R-¥ fitter

ABSTRACT

This .report contains a discussion of investigations being conducted
on r-! fiiters and their components, This periad is primarily a con-
struction period acco'mpanied by experimentation with some theoretical
investigations of certain phases of the work. 'The results of the investi-
gations are algo presented.

We are investigéting which type of [ilter design is to be used in
constracting the low~pass filter with a cutoff {requency of 30 me. The
best type of filler design for the Jow-pasgs 1500 - e filler i3 2180 being
investigated with caiphasis on both elecirical performance and physgical
compactness.

Low-pass fliters with cutoff froquencies at 180 me, 275 mc and
400 me are under construction. Construction of the final miniaturized

model of the high-pasgs 2800-me filter hag been completad.

VWith regpect 10 the vari.ablwfc filters, a new approach (o the i
shieiding prohloms hag been found which appears (o bave intereating

posgibilitics, Ways of varying the impedances wre now being investigaied.

Y
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Balco Roescarci Laboratorieos AB 3S(B00)-2286
Intering Beport No o 6 : B Vilters
PURPUOSE

The purpose of this program ig the development of a series of min-
iaturized, high~efficiency, r-f filters to be used in conjunction with the
ahtennas of various receivers and trangmitters for suppression of spuri-~
ous radiations and harmonics. In particular, the following units are te

he degigned ana congtructed.

TYDPE OF FILTER CUTOFI" FREQUENCY
{mc)
High Pays 1.8
lL.ow Pass 30
High Pass 200
leow FPass 400
High Pags 210
L.ow Pass 275
figh Pasy 26800
High Pass 145
l.ow Pass 181
High Pasg 404
thigh Pass 340
fow Vass LHGG

Poerformance goals for these ands are ag follows: o maximum in-
3

serilon leos of 2 db in the page band o monlinum attenuation of 80 db in

the siop bund, and physical sice to ba beld to a minimum.  Detail requirements




Beaico Research L.aborateries AF 33{8006)-228861
Interim Repoert No. 8 3-F Filters

meluding power cating and impedance ars st forth in Exhibit WCBES 5%-49
dated 37 May 1952,

During the sixth guarte-ly period, developmen! work was continued
according to the general procedures outlined in the Fifth Interim Report.
In particular, the work tucluded: (1) construction of experimental models
of filters with cutoff fréquemiea of 1.8 mc and 30 me; {2) congtruction of
low-pass filters with cutoff frequencisa from 160 me tn 400 mc; {3) final
testing of the high-pasg 2600-mc filter; (4} deéign and experimentation for
tha low-pags, 1300-mao filter, (5) continued theorerical and oxparimental

investigation of variable {, filters.

HIGH-PASS 1.8-MC FIL.TER

The miniature high-temperature capacitors under order have been
delivered and an experimental model using these components and speclally
constructed miniature inductors wound on poadercd iron toroids, has
been built. The attenuation characterisiics of thia unit are gshown in
figure |,

This experimental model will now be miniaturized and the minis-
turized unit constructed inside a tube with an outside dimeior of | 1/4
inches and an overall length of less than geven nches.  The performance

of the miniaturired univ at high temparature {3 expeate . he veary cloase
! y
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te ita performance at roore temperature.  Hesults of high-temperature
performance (ests now being made will he reported in our next monthly

ietter.

LOW-FPASS 30-MC FILTER

Trangmissgion line filtery with cutoff frequencies in the 30-mce re-
gion, although efficient, became rather large and bulky in overall physi-
ecal dimensions. For this reagson a design using lumped parameters would
be preferuble {f satisfactory filter performance can he maintained., An
expecimental raodel using lumped parametlers had been previously been
constructed, as reported. Itg performance wae found to be satisfactory,
and the unit wag consgldered te merit miniaturizetion. We have thereiore
begun congtructional details for a miniatyrloed finn! medel, which wiil

then be teated under high and low temperature conditions.

LOW-PASS FILTERN WITH o FROM 180 MO TO 400 MO

Low=paas fllters with cutoff frequencies nt 196 me, 276 me and
400 me are under congtruction. During the past portod, some weak points
in the mechaniesl deaign have been corrected, special consideration heing

given to compactnegss and ruggednesa of the units,
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 Baico Research Laboratories AF 33(800)-2286i
nterim: Heport No. & R-¥ FPilters

One aerious mechanical design consideration hay been tlo incorpo-
rale into the units preveniive and coxrpengative mmeasures to overcome
the relative differences of expamsion of itg various paris at high tempera-
tores. The units have béen go designed that their operation is not mueh
affected at 200°C. It is estimated that the cutoif frequency wili shift only
a few porcent at that temperature. The performnnce of this filter at high

temperature is gow being investigated,

HIGH -PASS 2500-MC FILITER
Consgiruction of the final miniaturired model hos been completed.

The unit is aow being tested at both high and low {emperatures.

LOW-PASS 1600-MC FILTER

I'iltery with cutoff frequencives below 500 me and those with cutoff
frecuencies above 2000 mco show {undamental differences of design. bdince
ihe 1500-mc cutoff fi‘;te.z;s fall between those two catagories, we are in-
veatigating the advantages of both types of design hefore making our
choice.

We have conatructed a unit using transmission lineas and lumped
parameters, which will be tested at 200°C. A desigu incovporating trans-

mission Wne sections with discontinuiiles i3 &lso being investigated. The




Ralen Reczearch Yaboratoriey 3
Interim Report No., 6 R-F Filie

final decision on degsign will depend on resulis obtained from our investi-
gations. Both optimum periformance snd physical compaciness will be

coneidered.

VARIABLE-F, FILTERS

Most of our efforts have been concentrated on improving the
transmigsion-line series arms of the filter. As mentioned in our pre-.
vious reports, difficulties have been encountered due to the radiation of
ihe transmisgion linvs. Yuring the past month, this has heen ellminated
by using a different approach to the shlelding problem. Xixcept for a 5-db
hump (no wider than 8% of the total pass band) before cuteff, the new
attenuation characteristicg curve adhered very ciosely to that predicted
by theory. The insertion loss was iow, for the most part undsr | db;
the attenuation of the stop band was meanured up to three tiines the cut -
nff frequency and wazg found to be nver 80 dbg. Furthermoere, the rise
frem cutoff to 60-db attenuation wus within 10 percent,

Later experimentation revealed thal the hump in the curve near
cutoff was caused by lncorrect series arm impedunces and could be

eliminated by careful adjustment.
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Interim Report No, 8 K-} Filters

3ince Lthin new approach showed such great poscibilities, a prac-
tical woy of varying the impedances will be studied nnd au attempt mode

to rongiruct a working maodel,

CONCLUSIONS

There are- several distinet types of filler derign which together
cover the frequency range of the exhibil, Thesc types of design have
been invoatiéa&ed and gxperimental models have been built,

The remainder of the program calls for the censtiruction of final
model: of some of these types ns sawmples for the exhibit, All units are
boeing carefully conastructed and ruggedived to meet the environmental
conditions., The building phase wil) be aceompanied by necegsory

experiwentation.

PROGRAM FOR THE NEMT INTERVAL

! Heprasentuative models of high-pags und low-pags filters will
be buiil and tested at 200 degrees Centigrade. One model will be of the
all lumped-~parameter type, one of the distributed parameter typs and
one of the combined lumped and distributive types. Resulis of the tests

will be reported in our monthly reports,
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3. Wark will be continusd on miniaturizing inio {inal form the
high-pass filters up to 400 me.
3. With respect to the variabie -fc filtery, further theoretical and

experimential work will be done on the ghlelded series arm configuration,

fead, Electromics Div,
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